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n Chaperone-supervised conversion of prion protein to
its protease-resistant form. Shubhik K DebBurman,
Gregory J Raymond, Byron Caughey and Susan Lindquist
(1997). Proc. Natl Acad. Sci. USA 94, 13938–13943.
Transmissible spongiform encephalopathies (TSEs) are lethal,
infectious disorders of the mammalian nervous system. A TSE
hallmark is the conversion of the cellular protein PrPC to
disease-associated PrPSc (named for scrapie, the first known
TSE). PrPC is protease sensitive, monomeric, detergent
soluble, and primarily α-helical; PrPSc is protease -resistant,
polymerized, detergent insoluble, and rich in β sheet. The
‘protein-only’ hypothesis posits that PrPSc is the infectious
TSE agent that directly converts host-encoded PrPC to fresh
PrPSc, harming neurons and creating new agents of infection.
To gain insight on the conformational transitions of PrP, the
authors tested the ability of several protein chaperones, which
supervise the conformational transitions of proteins in diverse
ways, to affect conversion of PrPC to its protease-resistant
state. None affected conversion in the absence of pre-existing
PrPSc. In its presence, only two, GroEL and Hsp104 (heat
shock protein 104), significantly affected conversion. Both
promoted it, but the reaction characteristics of conversions
with the two chaperones were distinct. In contrast, chemical
chaperones inhibited conversion. Our findings provide new
mechanistic insights into the nature of PrP conversions, and
provide a new set of tools for studying the process underlying
TSE pathogenesis.
December 1997. Proceedings of the National Academy of
Science USA.
n Two conformational states of βb-lactamase bound to
GroEL: a biophysical characterization. Pietro Gervasoni,
Peter Gehrig and Andreas Plückthun (1998). J. Mol. Biol.
275, 663–675.
Escherichia coli RTEM β-lactamse, in which both the cysteine
residues, which form the single disulfide bond, have been
mutated to alanine residues, can form stable reversible
complexes with GroEL under two different sets of conditions.
Starting with the GdmCl-denatured enzyme, RTEM
β-lactamase is bound to GroEL in a state in which no protons
are protected against exchange with 2H2O, as determined by
electrospray ionization mass spectrometry. In contrast, when
native protein is destabilized at high temperature and added to
GroEL, a conformation is bound with 18 protected protons
after 2 h of exchange. The high temperature complex can form
both with the wild-type enzyme (with intact disulfide bond))
and the Cys→Ala double mutant, but only the mutant protein
can form a complex starting from GdmCl denatured states.
Thus, two different sets of conformations of the same protein
can be found, depending both on the conditions used to form
the complex and on the intrinsic stability of the intermediate
recognised by GroEL. The authors have characterized the
properties of both complexes.
30 January 1998. Journal of Molecular Biology.
n Native tertiary structure in an A-state. Jennifer
L Marmorino, Melissa Lehti and Gary J Pielak (1998).
J. Mol. Biol. 275, 379–388. 
Thermal denaturation monitored by CD spectropolarimetry
was used to determine A-state and native-state stabilities. We
examined the wild-type protein, seven variants with
substitutions at the interface between the N-terminal and
C-terminal helices, and four control variants. These results
show that the helix–helix interaction stabilizes the A-state and
the native state to the same degree. We determined that the
heat capacity change for A-state denaturation is ~60% of the
value for native-state denaturation, indicating that the A-state
interior is native-like. 
16 January 1998. Journal of Molecular Biology.
n Slow cooperative folding of a small globular protein
HPr. Nico AJ Van Nuland, Wim Meijberg, Jessica Warner,
Vincent Forge, Ruud M Scheek, George T Robillard,
Christopher M Dobson (1998). Biochemistry 37,
622–637.
The folding of an 85-residue protein, the histidine-containing
phosphocarrier protein HPr, has been studied using a variety of
techniques including DSC, CD, ANS fluorescence, and NMR
spectroscopy. In both kinetic and equilibrium experiments the
unfolding of HPr can be adequately described as a two-state
process that does not involve the accumulation of intermediates.
13 January 1998. Biochemistry.
n Folding dynamics of the src SH3 domain. Viara
P Grantcharova and David Baker (1997). Biochemistry 36,
15685–15692.
The thermodynamics and kinetics of folding of the chicken src
SH3 domain were characterized using equilibrium and
stopped-flow fluorescence, CD, and NMR hydrogen exchange
experiments. Kinetic studies confirmed the two-state character
of the folding reaction. Comparison of the src SH3 with
homologous SH3 domains as well as with other small well-
characterized β-sheet proteins provides insights into the
determinants of folding kinetics and protein stability.
16 December 1997. Biochemistry.
n Structural and dynamic characterization of partially
folded states of apomyoglobin and implications for
protein folding. David Eliezer, Jian Yao, H Jane Dyson and
Peter E Wright (1998). Nat. Struct. Biol. 5, 148–155.
The structure and dynamics of two partially folded states of
apomyoglobin have been characterizsed at equilibrium using
multi-dimensional NMR spectroscopy. Residue-specific
measurements of chemical shift and internal dynamics in these
states and in the native apoprotein and holoprotein indicate
progressive accumulation of secondary structure and increasing
restriction of backbone dynamics as the chain collapses to form
increasingly compact states. Under weakly folding conditions,
the polypeptide fluctuates between unfolded states and local
elements of structure that become extended and stabilized as
the chain becomes more compact. These results provide a
detailed model for molecular events that are likely to occur
during folding of myoglobin.
February 1998. Nature Structural Biology.
n Structure-based thermodynamic design of peptide
ligands: application to peptide inhibitors of the aspartic
protease endothiapepsin. Irene Luque Javier Gomez,
Nora Semo and Ernesto Freire (1998). Proteins 30, 74–85.
The prediction of binding affinities from structure is a necessary
requirement in the development of structure-based molecular
design strategies. In this paper, a structural parameterization of
the energetics previously developed has been incorporated
into a molecular design algorithm aimed at identifying peptide
conformations that minimize the Gibbs energy. This approach
has been employed in the design of mutants of the aspartic
protease inhibitor pepstatin A. In one mutant, the alanine at
position five has been replaced by a phenylalanine, and in the
second mutant a glutamate has been added at the carboxyl
terminus of pepstatin A. The thermodynamics of association of
pepstatin A and the two mutants have been measured
experimentally and the results were comparable with the
prediction. The difference between experimental and
predicted Gibbs energies for pepstain A and the two mutants is
0.23 ± 0.06 kcal/mol. The excellent agreement between
experimental and predicted values demonstrates that this
approach can be used in the optimization of peptide ligands.
30 January 1998. Proteins: Structure, Function, and Genetics.
n Protein folding in the landscape perspective: chevron
plots and non-Arrhenius kinetics. Hue Sun Chan and
Ken A Dill (1998). Proteins 30, 2–33.
The authors use two simple models and the energy landscape
perspective to study protein folding kinetics. A major challenge
has been to use the landscape perspective to interpret
experimental data, which requires ensemble averaging over the
microscopic trajectories usually observed in such models. Here,
because of the simplicity of the models, this can be achieved.
The kinetics of protein folding falls into two classes: multiple-
exponentential and two-state (single-exponential) kinetics.
Experiments show that two-state relaxation times have
‘chevron plot’ dependences on denaturant and non-Arrhenius
dependences on temperature. We find that HP and HP+
models can account for these behaviors.
30 January 1998. Proteins: Structure, Function, and Genetics.
n Reading protein sequences backwards. Emmanuel
Lacroix, Ana Rosa Viguera and Luis Serrano (1998). Fold.
Des. 3, 79–85.
Reading a protein sequence backwards provides a new
polypeptide that does not align with its parent sequence, but the
foldability of this new sequence is questionable. Structure
prediction at low resolution using lattice simulations for such a
protein provided a model close to the native parent fold or to a
topological mirror image of it, but there is no experimental
evidence yet to tell whether such a retro protein folds (and to
which structure) or not. In this work, the authors analysed the
possibility of a retro protein folding in two different ways. They
modelled the retro sequence of the α-spectrin SH3 domain
using distance geometry and molecular dynamics. This
contradicted the plausibility of a mirror image of the native
domain, whereas basic considerations opposed the likelihood of
the native fold. They then obtained experimental evidence that
the retro sequences of the SH3 domain, as well as the B domain
of Staphylococcal protein A and the B1 domain of Streptococcal
protein G, are unfolded proteins, even though some propensities
for the formation of secondary structures might remain. Thus,
retro proteins are no more similar to their parent sequences than
any random sequence despite their common hydrophobic/
hydrophilic pattern, global amino acid composition and possible
tertiary contacts. Although simple folding models contribute to
our global understanding of protein folding, they cannot yet be
used to predict the structure of new proteins.
05 February 1998. Folding & Design.
n Alignment algorithm for homology modeling and
threading. Nickolai N Alexandrov and Roland Luethy
(1998). Protein Sci. 7, 254–258.
A DNA/protein sequence comparison is a popular
computational tool for molecular biologists. Finding a good
alignment implies an evolutionary and/or functional
relationship between proteins or genomic loci. Sequential
similarity between two proteins indicates their structural
resemblance, providing a practical approach for structural
modeling, when the structure of one of these proteins is
known. The first step in the homology modeling is a
construction of an accurate sequence alignment. The
commonly used alignment algorithms do not provide an
adequate treatment of the structurally mismatched residues in
locally dissimilar regions. The authors propose a simple
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modification of the existing alignment algorithm, which treats
these regions properly, and demonstrate how this modification
improves sequence alignments in real proteins.
February 1998. Protein Science.
n Computation of electrostatic complements to proteins:
a case of charge stabilized binding. Lillian T Chong, Sara
E Dempster, Zachary S Hendsch, Lee-Peng Lee and Bruce
Tidor (1998). Protein Sci. 7, 206–210.
Recent evidence suggests that the net effect of electrostatics is
generally to destabilize protein binding as a result of large
desolvation penalties. A novel method for computing ligand
charge distributions that optimize the tradeoff between ligand
desolvation penalty and favorable interactions with a binding
site has been applied to a model for barnase. The result is a
ligand charge distribution with a favourable electrostatic
contribution to binding resulting, in part, from ligand point
charges, which direct interactions that are uncloaked on
binding and thus act to lessen the ligand desolvation penalty.
January 1998. Protein Science.
n Exploiting polypeptide motifs for the design of
selective Cu(II) ion chemosensors. Alicia Torrado, Grant
K Walkup and Barabara Imperiali (1998). J. Am. Chem.
Soc. 120, 609–610.
The production of fluorescent devices for sensing and reporting
chemical events is currently of significant importance for both
chemistry and biology. More specifically, sensors directed
towards detecting and measuring divalent copper have enjoyed
particular attention. The authors focus has been on the
production of robust small molecule chemosensors that exhibit
reversible signaling and operate in aqueous solution at neutral
pH, without the requirements for organic cosolvents. To achieve
highly selective binding of Cu(II) within aqueous solution, the
authors sought to exploit the metal-binding properties of the
N-terminal Cu(II)-binding and Ni(II)-binding (ATCUN) motif
found in the serum albumins. These proteins bind both Cu(II)
and Ni(II) avidly, with intrinsic affinity constants of the order of
1011 M–1 for the protein–Cu(II) complex. Moreover the simple
tripeptide sequence Gly–Gly–His effectively mimics these
binding characteristics, competing with the intact protein Cu(II)
binding. A family of pentapeptides based upon the ATCUN
motif have been prepared that contain a 5-(dimethylamino)-
naphthalenesufonamide fluorophore. The N-terminal amino
acid has been substituted with a homologous series of residues,
which contain a sidechain amine for fluorophore attachment. In
all cases, the titrations of divalent metal stock into solutions of
chemosenor were indicative of tight binding.
28 January 1998. Journal of the American Chemical Society.
n RNA binding mediates the local cooperativity between
the βb-sheet and the C-terminal tail of the human
U1A RBD1 protein. James K Kranz and Kathleen B Hall
(1998). J. Mol. Biol. 275, 465–481.
Pairwise coupling theory is applied here to determine the
energetic interactions between two elements of the N-terminal
RNA binding domain (RBD) of the human U1A protein. The
novel application of the theory to this system incorporates both
measurements of protein stability and RNA binding to define
thermodynamic cycles. In this first example of the application,
two regions of the protein are selected for study: Tyr13 one of
the conserved aromatic residues on the surface of the β sheet
and the C-terminal tail of the RBD. The results show that in
the absence of RNA, these two elements of the protein act
independently. When RNA is bound, however, there is
indirect coupling between Tyr13 and the tail, mediated
through the RNA. This work demonstrates the general
applicability of the pairwise coupling theory to protein–nucleic
acid interactions and illustrates the necessity of such analyses
to describe the network of energetic interactions that comprise
RNA recognition by this RBD.
23 January 1998. Journal of Molecular Biology.
n The response of T4 lysozyme to large-to-small
substitutions within the core and its relation to the
hydrophobic effect. Jian Xu, Walter A Baase, Enoch
Baldwin and Brian W Matthews (1998). Protein Sci. 7,
158–177.
To further examine the structural and thermodynamic basis of
hydrophobic stabilization in proteins, all the bulky non-polar
residues that are buried or largely buried within the core of T4
lysozyme were substituted with alanine. In 25 cases, including
eight reported previously, it was possible to detemine the
crystal structures of the variants. In the majority of cases the
‘large-to small’ substitutions lead to internal cavites. In the
case of Ile29→Ala the structure collapsed to such a degree that
the volume of the putative cavity was zero. Crystallographic
analysis suggests that the occupancy of the engineered cavities
by solvent is usually low. The mutants Val149→Ala and
Met6→Ala, however, are exceptions and have, respectively,
one and two well-ordered water molecules within the cavity.
Except for Val149→Ala, the loss of stability of all the cavity
mutants can be rationalized as a combination of two terms.
The first is a constant for a given class of substitution
(e.g. –2.1 kcal/mol for all Leu→Ala subsitutions) and can be
considered as the difference between the free energy of
transfer of leucine and alanine from solvent to the core of the
protein. The second term can be considered as the energy cost
of forming the cavity and is consistent with a numerical value
of 22 cal/mol A3. Physically, this term is due to the loss of van
der Waal’s interactions betwen the bulky sidechain that is
removed and the atoms that form the wall of the cavity.
January 1998. Protein Science.
n Antibody scFv fragments without disulfide bonds made
by molecular evolution. Karl Proba, Arne Wörn,
Annemarie Honegger and Andreas Plückthun (1998).
J. Mol. Biol. 275, 245–253.
The authors generated stable and functional cysteine-free
antibody single-chain fragments (scFv) lacking the conserved
disulfide bonds in both VH and VL. This was achieved by
molecular evolution, starting from the scFv fragment of the
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levan binding antibody ABPC18, which is naturally missing
one of the conserved cysteine residues, by using DNA
shuffling and phage display. Three of the characterized
proteins, exhibit thermodynamic stability similar to the wild-
type protein, and these cysteine-free mutant proteins can now
be expressed in their functional form in the Escherichia coli
cytoplasm. The authors believe that such molecules are of
great use and may give further insight into the folding and
stability of the immunoglobin fold.
16 January 1998. Journal of Molecular Biology.
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Current articles of interest to
readers of Folding & Design
A selection of dispatches and other review articles
published in other journals from Current Biology Ltd.
Selected by the staff of Folding & Design.
Eight reviews on aspects of Folding and binding in the
February issue (No 1) of Current Opinion in Structural
Biology (1998), 8, 68–123. Edited by Eugene
Shakhnovich and Alan R Fersht.
16 reviews on aspects of Analytical biotechnology in
the February issue (No 1) of Current Opinion in
Biotechnology (1998), 9, 14–108. Edited by Michael J
Gait and Stephen H Hughes.
Protein design [Minireview]. Lynne Regan (1998).
Structure 6, 1–4.
Isoprenoid biosynthesis: manifold chemistry
catalyzed by similar enzymes [Minireview]. K Ulrich
Wendt and Georg E Schulz (1998). Structure 6,
127–133.
Structural insights into DNA polymerase βb fidelity:
hold tight if you want it right [Review]. William A
Beard and Samuel H Wilson (1998). Chemistry &
Biology 5, R7–R13.
Biomimetic chemistry: a frontier at the
chemistry/biology interface [Frontier]. Ronald
Breslow (1998). Chemistry & Biology 5, R27–R28.
Running rings around DNA [Dispatch]. Manju M
Hingorani and Mike O’Donnell (1998). Current Biology
8, R83–R86.
HACking into the unfolded-protein response
[Dispatch]. Caroline E Shamu (1998). Current Biology
8, R121–R123.
